In commercial farming, frequent use of antimicrobial agents probably results in the occurrence of resistance in bacterial flora present in the gastrointestinal tract. Backyard/free range chicken farming is known as a typical example of backyard farming. This kind of poultry farming differs in many ways from commercial poultry farming, e.g., in feeding regimes, antibiotic use, and access to outdoor areas. This survey investigated if these differences affect the antimicrobial resistance patterns of enteric bacteria isolated from liver samples of commercial broilers and backyard chickens. For this purpose, enteric bacteria from the family Enterobacteriaceae were isolated from livers of commercial broiler and backyard chickens in Pakistan and were screened for their antimicrobial resistance. Antibiogram results revealed that the number of multidrug-resistant Escherichia coli, Salmonella, and Klebsiella were higher in commercial broilers as compared to backyard chickens. The isolates from commercial broilers showed a higher percentage resistance as compared to backyard chickens for nine antibiotics (viz., ampicillin, doxycycline, amoxicillin, enrofloxacin, gentamicin, norfloxacin, flumequine, ciprofloxacin, and augmentin). Whereas for 2 antibiotics, chloramphenicol and oxytetracycline, the extent of resistance in backyard chicken isolates was significantly higher than those from commercial broilers. The results indicate that in Pakistan backyard farming may contribute less to antimicrobial resistance.
each year. About 2.2 million annual mortalities have been associated with food-and water-borne diarrheal diseases [1] . Fecal contamination of animal products with Enterobacteriaceae such as Salmonella, Escherichia coli, Klebsiella, and Proteus has been known as a major cause of these food-borne diseases [1, 2] . Some members of the Enterobacteriaceae family are associated with food spoilage, while many others are responsible for putrefaction of a variety of foods, including poultry products, meat, milk, eggs, fish, sea foods, and dairy products. Some genera of Enterobacteriaceae have the ability to ferment lactose, which has long been used as indicator test by water and food industry. Many recent reports have reported Enterobacteriaceae isolated from foodstuffs as evidence of poor sanitation or inadequate processing, post-process contamination of foods and process failure [3, 4] . In last few decades, some epidemics on the globe have been associated with resistant strains of foodborne Enterobacteriaceae [5] .
The usage of antimicrobial drugs in food animals, including birds, led to transfer of resistant pathogen strains to humans via food [6] . In the intestinal tract of many animals including birds, genes can transfer into the non-pathogenic commensal flora [7] . Antimicrobial resistance in bacteria from the family Enterobacteriaceae is an essential sign of the occurrence of resistant bacterial strains in the community [8] . Members of family Enterobacteriaceae, such as E. coli, Klebsiella, Proteus, and Salmonella, have been reported for developing antimicrobial resistance [9, 10] . The introduction of third-generation cephalosporins increased the treatment options. Nevertheless, resistance also developed to the extended spectrum cephalosporins mainly because of the production of ESBL (extended spectrum beta-lactamase) [11] . Significant losses in terms of morbidity and mortality have been reported by multi-drug resistance (MDR) and ESBL-producing bacterial infections [12] .
There has been growing demand for organic foods, including those of animal origin. Recent literature has indicated the importance of organic animal/poultry foods in terms of safety than inorganic or conventional foods [13] . Organic animal production systems do not use antibiotics or synthetic growth promoter and animals are allowed to feed in open pastures untreated with synthetic agents [14] .
In several Asian countries, including Pakistan, backyard chicken farming is a typical small-scale scavenging farming system of indigenous chickens reared on minimal resource input, having sheds made from local material and fed domestically on grains, kitchen leftovers and leaves in an open natural environment. In Pakistan, this farming system is very common providing income as well as high-quality protein to rural peoples. Whereas commercial farming in Pakistan uses small amounts of in-feed antibiotics in broiler and layer chickens for growth promotion [15] . However, using antibiotics in food animals increased the prevalence of resistant bacterial strains, posing serious threats to human health [16] . Studies have indicated a higher prevalence of antimicrobial resistance in zoonotic bacteria isolated from conventional and commercial animal production than organic production [17, 18] .
A number of researchers have investigated the resistance patterns of bacterial isolates of animal origin foods of organic and conventional livestock production [14, 19] . However, to the best of our knowledge, no research has been carried out in Pakistan on food products from backyard poultry. Therefore, the objective of the present survey was to compare the pattern of resistance of some Enterobacteriaceae isolated from liver samples of commercial broilers and backyard/free range chickens. The results of the survey will help in formulating suitable plans for poultry farming practices to reduce food-borne illnesses.
MATERIALS AND METHODS

Enterobacteriaceae Isolates
A total of 331 Enterobacteriaceae isolates were recovered from the liver samples of commercial broilers and backyard chickens. In Pakistan, backyard farming (free range chicken farming) differs in many ways from commercial poultry farming, e.g., in feeding regimes, antibiotic use, and access to outdoor areas. Adult, market-age commercial broilers, and backyard chickens were purchased from commercial farm and villages, respectively. Among the isolates, 214 were isolated from commercial broilers and 117 were isolated from backyard chickens. The commercial broiler isolates included E. coli (n = 103), Salmonella (n = 81), and Klebsiella (n = 30), whereas backyard chicken isolates included E. coli (n = 73), Salmonella (n = 27), and Klebsiella (n = 17). All the isolates were isolated from 200 liver samples (n = 100 each from commercial broilers and backyard chickens) collected aseptically from slaughtered chickens using standard isolation procedures [20, 21] . In brief, samples were diluted 1:10 (w/v) in peptone water [22] and homogenized for 1 min using PK 400 masticator [23] . After homogenization, 10 -1 -10 -4 dilutions of liver extracts were investigated for the presence of Enterobacteriaceae using direct plating. The samples (0.1 mL) were cultured on selective media including Eosin Methylene Blue (EMB) agar, Salmonella Shigella agar and Membrane Faecal Coliform Agar for E. coli, Salmonella, and Klebsiella, respectively. The media were prepared as specified by the manufacturer [22] .
Antibiogram Methodology
Antimicrobial resistance patterns of Enterobacteriaceae isolates were determined using the disk-diffusion method following the guidelines of Clinical and Laboratory Standard Institute [24] . In brief, numerous colonies of the test organisms with the same characteristics were picked with a flame-sterilized wire loop, and mixed with nutrient broth. The tubes were incubated at 37˚C to a turbidity of 0.5 McFarland standard. A drop of the suspension was placed on the sensitivity testing agar plate, and was spread over the entire surface using a sterile cotton swab. The sensitivity plates were allowed to dry for a few minutes. The antibiotic discs [23] included enrofloxacin (5 μg), norfloxacin (10 μg), flumequine (30 μg), ciprofloxacin (5 μg), ampicillin (10 μg), amoxicillin (30 μg), amoxicillin and clavulanate potassium (10 μg), cefotaxime (30 μg), ceftriaxone (30 μg), ceftazidime (30 μg), gentamicin (10 μg), oxytetracycline (30 μg), doxycycline (30 μg), and chloramphenicol (30 μg), and were placed and lightly pressed on the sensitivity agar plate with a uniform distance. The plates were allowed to dry for 30 min, and then placed in an incubator for 24 h at 37
• C. The antibiotic resistant breakpoints were recognized as per recommendations of CLSI for Enterobacteriaceae [24] . Isolates exhibiting resistance against 3 or more different classes of antibiotics were regarded as MDR strains. All the observations were performed in triplicate.
Statistical Analyses
The data were entered into a computer database for calculation via Microsoft Excel [25] . Antimicrobial resistance differences between the commercial broilers and backyard chickens were compared by Fisher's exact test at a P < 0.05 probability level using an online GraphPad software [26] .
RESULTS AND DISCUSSION
Resistance Pattern
An overall resistance pattern of Enterobacteriaceae isolates from broilers and backyard chickens is summarized in Figure 1 . Most of the isolates from both chicken types were resistant to the tested antibiotics. The resistance of the isolates was significantly higher in commercial broilers than in backyard chickens for nine antibiotics including ampicillin (P = 0.0473), doxycycline (P = 0.0002), amoxicillin (P = 0.0005), enrofloxacin (P = 0.0001), gentamicin (P = 0.0076), norfloxacin (P = 0.0001), flumequine (P = 0.0001), ciprofloxacin (P = 0.0003), and augmentin (P = 0.0005), whereas for 2 antibiotics chloramphenicol (P = 0.0426) and oxytetracycline (P = 0.0496), the extent of resistance was significantly higher in backyard chicken isolates. Figure 1 ). Commercial chicken farming is a rapid source of earning, since it converts poultry feed into meat within weeks, so extensive care is taken in developing countries including Pakistan in commercial broiler farming in terms of preventing diseases using a variety of in-feed antibiotic drugs [27] . It is generally hypothesized that non-conventional (backyard) chicken farming produces safer meat because of the absence of synthetic adulteration and direct in-feed antibiotics administration [14, 28] . However, little is known about the microbiological status of backyard animal products in Pakistan, and the potential microbiological risks linked to them. The current survey is the first demonstration of in vitro antimicrobial profiles of Enterobacteriaceae isolated from liver samples of backyard and commercial broiler chickens in Pakistan.
The results of resistance profiles of Enterobacteriaceae from commercial broilers and backyard chickens in the present survey revealed that prevalence of resistance in isolates from commercial broilers was generally higher than isolates of backyard chicken. Similar results were also reported in a recent European survey demonstrating the antimicrobial profiles of intestinal E. coli isolates of 2 different pig production systems, i.e., conventional and organic [17] . Other studies also reported less antimicrobial resistance in E. coli and Staphylococcus aureus from beef [19] and intestines [29, 30] from organic production cattle than from conventional production cattle.
Prevalence of Resistance
In E. coli from commercial broilers ampicillin, doxycycline, amoxicillin, enrofloxacin, norfloxacin, flumequine, ciprofloxacin, augmentin, and oxytetracycline resistance was very common (≥70%), while E. coli from backyard chickens were highly resistant (79%-100%) to ampicillin, amoxicillin, enrofloxacin, and oxytetracycline (Table 1) . Salmonella isolates from commercial broilers exhibited 77%-96% resistance to ampicillin, chloramphenicol, doxycycline, amoxicillin, enrofloxacin, norfloxacin, flumequine, ciprofloxacin, and oxytetracycline, whereas Salmonella isolates from backyard chickens exhibited ≥77% resistance to ampicillin, doxycycline, amoxicillin, flumequine, and oxytetracycline. In Klebsiella isolates from commercial broilers, 76%-100% resistance was observed against chloramphenicol, doxycycline, amoxicillin, gentamycin, norfloxacin, flumequine, ciprofloxacin, and oxytetracycline. While in Klebsiella isolates from backyard chickens, 100% resistance was found against chloramphenicol, doxycycline, flumequine, and ciprofloxacin, and 82.35% against oxytetracycline. Resistance to cefotaxime, ceftriaxone, and ceftazidime was uncommon (0%-33.3%) relative to the other antibiotics regardless of production system (Table 1) .
Chloramphenicol is banned for use in food animals in technologically advanced countries [17] ; however, it is still used in commercial poultry production in Pakistan. Both chloramphenicol and oxytetracycline are easily available in drug stores without prescription; hence, backyard chicken farmers commonly use these antibiotics to treat infections in birds. On the other hand, use of chloramphenicol and oxytetracycline in Pakistan is limited in commercial poultry as compared to the quinolone antibiotics enrofloxacin, ciprofloxacin, norfloxacin, and flumequine, and the penicillin group [28] . This use profile could explain the higher resistance seen in backyard chickens against chloramphenicol and oxytetracycline, and in commercial broilers against penicillin and quinolones. Similar results have been reported by Osterberg et al. [17] for the resistance patterns of E. coli isolates from conventional and organic pig production systems against chloramphenicol. These findings are also in line with previous studies reporting that use of in-feed antibiotics in commercial chicken farming could be a major factor involved in promoting the emergence of resistance in bacterial organisms [10, 31] . Concerns have also been raised against the co-selection of antibacterial biocides including preservatives, disinfectants and antiseptics, and nonjudicial use of antimicrobial agents for therapeutic purpose for antibiotic resistance [32] .
Results from the current survey revealed the least resistance against third-generation cephalosporins (cefotaxime, ceftriaxone, and ceftazidime) in Enterobacteriaceae isolates of both chicken types. This pattern probably indicates that transferable resistance to these cephalosporins by production of ESBL or plasmidic AmpC beta-lactamases is not prevalent among the Enterobacteriaceae; however, further investigations are warranted using the selective culture for third-generation cephalosporinsresistant strains to establish a firm conclusion regarding this phenomenon.
Multi-Drug Resistant Enterobacteriaceae
As shown in Table 2 , the number of MDR E. coli isolated from commercial broilers (66.99%) were higher (P < 0.05) than those obtained from backyard chickens (41.1%). The number of Salmonella isolates from commercial broilers (69.32%) were higher (p < 0.05) than those obtained from backyard chickens (44.44%). A similar trend (P < 0.05) was observed for Klebsiella isolates from commercial broilers (63.33%) and backyard chickens (41.18%).
Results from the present survey revealed that MDR Enterobacteriaceae were more prevalent in commercial broiler than backyard chickens, which was in line with findings of Miranda et al. [14] , who reported higher prevalence rates for MDR Enterobacteriaceae organisms in conventional chicken meat (63.3%) as compare to organic chicken (41.7%) and turkey meat (56.7%). These high prevalence rates for MDR bacteria were associated with antimicrobial agents such as penicillins, aminoglycosides, and quinolones, which have been frequently used for the control and treatment of numerous bacterial diseases of commercial broilers. It is well recognized that bacterial organisms, particularly common foodborne pathogens like E. coli and Salmonella, become resistant when antibacterial agents are used over extended periods [33] . Recent studies have also established that MDR could be induced by co-selection whereby use of 1 antibiotic selects for resistance to other agents [34] . The burden of infectious diseases in a particular region could explain differences in antibiotic use and subsequently the occurrence of resistance. The disease load on a farm can be influenced by several factors such as management, biosecurity level, and flock size. These factors may vary between farms and countries and, therefore, indirectly affect the occurrence of resistance [35, 36] .
CONCLUSIONS AND APPLICATIONS
1. The results showed that Enterobacteriaceae isolates of commercial broilers had a higher level of antimicrobial resistance against most of tested antimicrobial agents; however, this observation was found opposite for few antimicrobials against isolates of backyard chicken. 2. The prevalence of multidrug-resistant organisms was found higher in commercial broilers as compared to backyard chickens. 3. This presence of antimicrobial resistance in backyard chicken in addition to commercial broilers is alarming that needs strict compliance for use of biocides and non-judicial use of antibiotics.
